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sensitive oscillating circuit (10) and also a reference oscillating circuit (20), which includes a reference capacitance (18) and a resonator 
component or an inductor component (19) corresponding to the structure of the radiation sensitive circuit (10). 



FOR THE PURPOSES OF INFORMATION ONLY 



Codes used to identify States party to the PCT on the front pages of pamphlets publishing international applications under the PCT. 



AL 


Albania 


ES 


Spain 


LS 


Lesotho 


SI 


Slovenia 


AM 


Armenia 


FI 


Finland 


LT 


Lithuania 


SK 


Slovakia 


AT 


Austria 


FR 


France 


LU 


Luxembourg 


SN 


Senegal 


AU 


Australia 


GA 


Gabon 


LV 


Latvia 


SZ 


Swaziland 


AZ 


Azerbaijan 


GB 


United Kingdom 


MC 


Monaco 


TD 


Chad 


BA 


Bosnia and Herzegovina 


GE 


Georgia 


MD 


Republic of Moldova 


TG 


Togo 


BB 


Barbados 


GH 


Ghana 


MG 


Madagascar 


TJ 


Tajikistan 


BE 


Belgium 


GN 


Guinea 


MK 


The former Yugoslav 


TM 


Turkmenistan 


BF 


Burkina Faso 


GR 


Greece 




Republic of Macedonia 


TR 


Turkey 


BG 


Bulgaria 


HU 


Hungary 


ML 


Mali 


TT 


Trinidad and Tobago 


BJ 


Benin 


IE 


Ireland 


MN 


Mongolia 


UA 


Ukraine 


BR 


Brazil 


IL 


Israel 


MR 


Mauritania 


UG 


Uganda 


BY 


Belarus 


IS 


Iceland 


MW 


Malawi 


US 


United States of America 


CA 


Canada 


IT 


Italy 


MX 


Mexico 


UZ 


Uzbekistan 


CF 


Central African Republic 


JP 


Japan 


NE 


Niger 


VN 


Viet Nam 


CG 


Congo 


KE 


Kenya 


NL 


Netherlands 


YU 


Yugoslavia 


CH 


Switzerland 


KG 


Kyrgyzstan 


NO 


Norway 


ZVV 


Zimbabwe 


CI 


C6te d'lvoire 


KP 


Democratic People's 


NZ 


New Zealand 






CM 


Cameroon 




Republic of Korea 


PL 


Poland 






CN 


China 


ICR 


Republic of Korea 


PT 


Portugal 






CU 


Cuba 


KZ 


Kazakstan 


RO 


Romania 






CZ 


Czech Republic 


LC 


Saint Lucia 


RU 


Russian Federation 






DE 


Germany 


LI 


Liechtenstein 


SD 


Sudan 






DK 


Denmark 


LK 


Sri Lanka 


SE 


Sweden 






EE 


Estonia 


LR 


Liberia 


SG 


Singapore 







WO 98/37436 



1 



PCT/FI98/00153 



METHOD, APPARATUS AND ARRANGEMENT FOR DETERMINATION OF 
RADIATION 

Field of the invention 

The present invention relates to the determination of radia- 
tion, such as electromagnetic or particle radiation, to be 
used for instance in applications determining the energy of 
the radiation, and more particularly to a method in accordance 
with the preamble of claim 1. The invention relates also to an 
apparatus for determining radiation in accordance with the 
preamble of claim 7 and to an arrangement for determining the 
radiation in accordance with the preamble of claim 13 . 

Background of the invention 

Up to the present days the most common way of measuring 
radiation, such as ultraviolet, X-ray, gamma-ray and particle 
radiation, has been to measure the radiation induced charge 
inside a semiconductor material. This charge has been input to 
a charge sensitive preamplifier, which has converted the 
charge signal to a voltage signal, which in turn can be 
converted to define the energy of the radiation in a desired 
scale. This known solution has, however, several disadvanta- 
ges: for example, it is often very difficult to make measure- 
ments, which have an adequate accuracy, for instance because 
of excessive electrical noise caused by the preamplifier and 
the conduits. In some cases the response of the amplifying 
circuitry is not fully linear, and therefore complicated 
calibration and correction factors and circuitry is required. 
Furthermore, in the presently known solutions the electrical 
noise is dependent on the capacitance of the detector, which 
limits the size of the detector (the active detection area) . 
For example, for a 0.5 mm thick semiconductor crystal, the 
upper limit for the active detection area is considered to be 
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10 mm 2 , after which the electrical noise starts increasing 
considerably in respect with the size of the detector. How- 
ever, in order to get fast and accurate measurements it would 
be advantageous to have as large semiconductor crystals as 
possible. 

In order to get rid of the disadvantages of the prior art 
detector systems, it has been proposed, for instance, that it 
is possible to measure the change in the capacitance of the 
detector instead of measuring the radiation induced charge 
pulse of the semiconductor detector with a charge sensitive 
amplifier. This change is caused by the charge pulse inside 
the detector. 

US patent number 3,745,357 (Been) discloses a solution in 
which the determination o£ radiation is done by using a 
capacitive bridge in order to circumvent the electrical noise, 
which is present when using charge sensitive preamplifiers. 
However, this method has been introduced mainly for a conti- 
nuous measurement of the intensity of the radiation, and it's 
sensitivity for a measurement of the energy of individual 
radiation photon or particle has not been adequate. The method 
has been realized by using components, which do not correspond 
the state-of-art technology. Therefore it has not gained any 
notable success in the field of radiation detection. 

Another method, which is based on the measurement of the 
capacitance of the detector, is presented in US patent 
5,336,890 (Kitaguchi et al) . There both the top and the bottom 
surfaces of the detector crystal have pn- junctions, onto which 
a reverse bias voltage is applied. Both of the pn- junctions 
act as cathode (or anode) electrodes simultaneously, and they 
give a signal to a read-out circuitry, after which the signal 
is analysed by additional circuitry, which uses the informa- 
tion from both of the electrodes. The sensitivity of this 
solution, however, is not adequate for the measurement of eg. 
individual X-ray photons. It's read-out electronic is not 
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considered sensitive, and the realization of the detector- 
electronics system is complicated. The solution, in general, 
has not shown to be practical, and has thus not gained any 
remarkable success. 

Summary of the invention 

It is an object of the present invention to remove the disad- 
vantages of the prior art and provide a completely new solu- 
tion for measuring/detecting radiation, which is based on the 
determination of the capacitance differences caused by the 
radiation. 

It is also an object of the invention to provide a method and 
an apparatus, by means of which the measurement /detection of 
radiation can be made reliably and accurate with semiconductor 
technology. 

It is a further object of the invention to provide a method 
and an apparatus, with which the detection area of the detec- 
tor component can be increased without any undesirable effects 
to the accuracy of the measurement. 

Furthermore, an object of the invention is to provide a method 
and an apparatus, by means, of which the reliability, accuracy 
and usability can be increased. 

The invention is based on the realization that a signal from a 
radiation detector can be read with a completely novel way by 
means of a particular resonating ie. oscillating circuit, 
wherein said signal is based on the determined change in the 
capacitance of the detector component, said change being 
induced by the radiation. At least one resonating ie. oscilla- 
ting circuit is provided as a part of the inventive apparatus. 
This oscillating circuit makes it possible to transform the 
change in the capacitance into a signal that corresponds the 
energy and intensity of the radiation. The used circuit may 
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comprise a piezoelectric, dielectric or other type of resona- 
tor or an inductor. 

More precisely, the inventive method is characterized by what 
is presented in the appended claims 1 ... 6 and in particular in 
the characterizing portion of claim 1. The apparatus in 
accordance with the invention is mainly characterized by what 
is presented in the appended claims 7... 12 and in particular 
in the characterizing portion of claim 7 . The arrangement in 
accordance with the invention is mainly characterized by what 
is presented in the appended claims 13... 15 and in particular 
in the characterizing portion of claim 13 . 

In a preferred embodiment of the invention, the method for the 
determination of radiation comprises a step for connecting the 
radiation detector component as a part of the radiation 
sensitive resonating ie. oscillating circuit means in order to 
measure the capacitance change induced by the radiation. 

According to an embodiment of the invention, the capacitance 
change can be determined by measuring the change in the 
amplitude, phase or frequency of the radiation sensitive 
resonating or oscillating circuit . The determination of the 
radiation can be performed by connecting a reference oscilla- 
ting circuit, which will not become exposed to the radiation, 
in parallel with the radiation sensitive circuit. 

The apparatus in accordance with the invention comprises an 
oscillating circuit, which includes the detector component and 
a resonator or alternatively an inductor component, said 
oscillating circuit being arranged to detect the radiation 
induced change in the capacitance of the detector component. 

According to an embodiment of the invention, the apparatus can 
comprise means for measuring the phase, amplitude or frequency 
of the oscillating circuit. The radiation sensitive detector 
means can consist of a semiconductor material. 
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An arrangement in accordance with the invention for determi- 
ning radiation comprises an oscillating circuit, which inclu- 
des a resonator or alternatively an inductor component, while 
the oscillating circuit is arranged to detect the radiation 
induced change in the capacitance of the detector component. 
The arrangement comprises further a reference oscillating 
circuit, which includes a reference capacitance and a resona- 
tor or an inductor component corresponding with the structure 
of the radiation sensitive circuit. 

The apparatus and the method in accordance with the invention 
can be used in all applications which require a determination 
of radiation, and especially the energy of radiation. At the 
present, the commercially most important fields of utiliza- 
tion, without any restriction to these, are considered to be 
the equipment which are used in the field of energy dispersive 
spectroscopy of ionizing radiation. Such equipment can be, for 
example 

X-ray spectrometers : 

Laboratory analysis equipment, process control and analyzing 
equipment in industry, such as in the paper or chemical 
industry (eg. analysing of coatings) , industrial x-ray 
analysis equipment, field instruments for on-site elemental 
analysis and equipment for X-ray microanalysis, x-ray 
astronomy or the research of X-ray physics, solid state 
physics and materials science. 

Gamma- ray spectroscopy: 

Determination of radioactive isotopes, radiation monitoring 
systems in nuclear power plants etc. or nuclear spectros- 
copy. 

UV- spectroscopy : 

VUV spectroscopy for materials research. 

The invention offers considerable advantages. It enables an 
improved detection and/or measurement or determination of 
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radiation with semiconductor technology. The active detection 
area of the detector component can be increased without 
undesirable effects to the accuracy of the measurements. The 
measurements can be made faster and more accurate and yet keep 
the needed' apparatus simple and compact . The apparatus can be 
constructed from known standard components, such a£ the 
silicon components used in microelectronics industry. Corres- 
pondingly it is possible to use the standard manufacturing 
techniques already used in microelectronics industry, which 
lowers the manufacturing costs of the detecting apparatus. 
Advantageously, the apparatus, operating in accordance with 
the invention can operate in room temperature or close to room 
temperature using at most a lightweight thermoelectric cooler, 
which is an improvement in comparison with the prior art 
semiconductor detectors, which use, for instance, heavy liquid 
nitrogen cooling. 

The invention and the other objects and advantages thereof are 
described in the following with examples and referring, at the 
same time, to the enclosed drawing, in which the similar 
numbers in various figures refer- to the corresponding featu- 
res. It will be understood, that the changes and modifications 
may be made to the invention by those skilled in the art 
without departing from the spirit and scope of the invention 
as set forth in the claims appended hereto. 

Brief description of the drawing 

Figure 1 shows a circuit diagram of one embodiment according 
to the present invention. 

Figure 2 shows a possible oscillating circuit. 

Figures 3-5 show schematic cross-sections of possible 
semiconductor detector structures. 

Figure 6 shows an example of a detector apparatus in accordan- 
ce with the invention. 
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Detailed description of the drawing 

Figure 1 shows an embodiment of a radiation detection arrange- 
ment in accordance with the invention. It consists of a 
radiation sensitive oscillating circuit 10, and a reference 
oscillating circuit 20 connected parallel with the oscillating 
circuit 10. Depending on the application, the circuitry 
further comprises control or read-out electronics, which in 
the examples consists of a control circuit 22, mixer circuit 
means 24, preamplifiers 25 and 26, resistors 28 and capacitors 
30. 

The radiation sensitive circuit 10 consists of an inductor 9 
and a radiation detector 8. Correspondingly the reference 
oscillating circuit consists -of an inductor 19 and a reference 
capacitor 18, the values of which are known. The reference 
circuit 20 is constructed eg. by means of a suitable isolation 
such that it will not receive any radiation, ie. it is not 
exposed to the radiation. The possible structures of the 
radiation detector 8 are described in more detail in connec- 
tion with figures 3-5. 

As disclosed by figure 2, the inductor 9 in figure 1 can be 
replaced with a piezoelectric resonator 11. In addition, a 
dielectric resonator or some another type of a resonator 
component used in radio frequency and/or microwave electronics 
can be used. When using the piezoelectric resonator 11 a 
similar reference piezoelectric resonator will be used instead 
of the reference inductor 19 of figure 1. By using an inductor 
it is possible to achieve higher frequencies for operating the 
circuitry and to use compact components at the same time. 
However, the circuits which are based on resonator components 
are usually more stable in respect with temperature varia- 
tions . 

Before going into the details of the embodiment of the inven- 
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tive arrangement, the structures of the radiation detector 
components are explained with reference to figures 3-5. 

In figure 3 the detector structure embodies a single side 
processed ph- junction diode 8. The diode 8 comprises a metalli- 
zation 7 on the surfaces thereof according to the figure 3, 
n-type silicon substrate 6 within the structure and p+ and n+ 
contacts (electrodes) , which may in most cases be ion implan- 
ted on the substrate. Furthermore figure 3 shows the passiva- 
tion regions 3 . The depletion region 14 of the diode 8 is 
achieved by depleting the n-substrate from charge carriers 
with an electric field. 

In principle, the semiconductor substrate 6 can be of any 
semiconductor material, onto which it is possible to pattern 
pn- junctions, and which can.be depleted from charge carriers 
with an electric field. One material, which is considered very 
good because of the desirable properties and manufacturing 
technology, is high purity silicon (resistivity > 1000 Qcm) . 
The commercial availability of this exemplifying material is 
also good. Other possible material^ are, for example, gallium- 
arsenide (GaAs), cadmiumtelluride (CdTe) , cadmium- zinc-telluri- 
de (CdZnTe) or germanium (Ge) , or other corresponding mate- 
rials per se known by the skilled person. 

The charge accumulated into the diode 8 needs to be reset from 
time to time by using a suitable switch, such as the switching 
circuit 16. In figure 3the other end of the diode 1 is shown 
as just connected to a power supply in order to charge the 
capacitor C s . During the measurement, the power supply is 
connected off and the charge, which is induced by the radia- 
tion, is changing the bias voltage according to the equation 

AV = C S *AQ, 

wherein AV is the change in the voltage, C s is the capacitance 
of the capacitor and AQ is the change of the charge which was 
induced by the radiation. 
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The change of the voltage is dependent on the square root of 
the thickness D of the depletion region 14, which in turn is 
inversely dependent to the capacitance C3 of the detector. 

When using eg. a diode with an active detection area of 25 
turn 2 , it is possible to design a circuitry, where the relative 
capacitance change AC/C3 (relative to the capacitance of the 
detector 8 of figure 3) caused by one electron is of the order 
of ICr 10 . The relative changes of the capacitance with this 
magnitude can be measured accurately by the arrangement 
constructed in accordance with the invention, in which the 
detector 8 is connected as a part of an oscillating circuit 
10. 

The detector 8, shown in the figure 3, the capacitance of 
which changes as a result of the radiation induced charge, is 
advantageous particularly because it's structure is simple and 
it is therefore affordable to manufacture. All the required 
components and manufacturing techniques are per se known, and 
their availability is good. 

Figure 4 presents a double- side processed capacitive radiation 
detector 8 . The operation thereof is based on the fact that 
the electrons (-) are drifted with an electric field into the 
centre of the detector and the holes ( + ) are collected onto 
the surface electrodes 5 on a detector chip. The detector 
needs to be reset from time to time in order to clear the 
substrate 6 from the accumulated electrons. 

With the detector structure of figure 4, the capacitance 
change is not measured by measuring the change in the deple- 
tion region, but by measuring directly the change of the 
capacitance which is caused by the radiation induced charge. 
Thus the additional capacitor C s shown in figure 3 is not 
needed in here. With the detector structure of figure 4 it is 
possible to achieve a better sensitivity than with the detec- 
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tor structure of the figure 3 . In theory it is possible to 
acquire a value AC^/C^ = 10~ 8 for a detector with an active 
area of 25 mm 2 . The fact that the utilization of this struc- 
ture requires relatively complicated circuitry for biasing the 
detector chip can be regarded as a disadvantage compared with 
the structure of figure 3 . Also the design and manufacture of 
the structure which can be processed from the two sides 
requires more time and effort and hence it is more expensive. 
At the present the manufacturing of the structure of figure 4 
is considered to be twice as expensive as that of the struc- 
ture of figure 3 . 

The figure 5 shows still another detector structure, which is 
based on the direct measurement of the charge cloud. In this 
detector structure the electric field is formed and influenced 
by the metal contacts 7 grown over the passivation layer 3 on 
the surfaces of the semiconductor substrate. In this case, the 
previously mentioned pn- junctions 3 or 4 are not needed, which 
makes the manufacturing of the detector easier and cheaper. A 
potential problem may be that the electrical field can not 
penetrate into the detector substrate as result of the thin 
charge carrier layers, accumulated directly under the surface 
passivations. These accumulation layers may screen the elec- 
tric field so that no depletion layer is formed and the 
radiation induced charge is not seen by the electronics. 
However, the operation of this structure relies on the fact 
that there are parasitic currents from the accumulation layer 
to the surface electrodes, which correspond to the existence 
of a very high value resistor (> 100 GQ) . Another possibility 
to circumvent this problem is to add a resistive contact to 
the substrate somewhere on the detector area. 

The radiation induced signal, created inside the radiation 
detector 8, such as the example structures described above, 
can be measured in a completely novel way. In general, the 
operation of the radiation detector 8 is based on the fact 
that the radiation caused by an individual radiation quantum 
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(photon or particle) induces a number of charge carriers into 
the depletion area ' 14 of the detector, said number correspon- 
ding the energy of the quantums. As was explained above, the 
depletion region 14 of a semiconductor is depleted from charge 
carriers by means of the electric field. The radiation induces 
a change in the capacitance of the detector 8, and this change 
is then measured according to the invention. 

Sensors, the operation of which is based on the measurement of 
the change in the capacitance, have been used previously, for 
example, in the measurement of temperature, humidity, veloci- 
ty, acceleration, angular velocity, angular acceleration etc. 
In this invention the sensor arrangements of the above mentio- 
ned kind have been utilized for the first time in the measure- 
ment of radiation so that the detector can be realized with 
semiconductor technology. This enables the manufacture of 
sensors, which are more effective and accurate, but still 
cheaper and easier to manufacture and which can therefore be 
more easily mass produced in comparison with the prior art gas 
filled technology or liquid nitrogen cooled detectors. 

The radiation induced change in the capacitance of a radiation 
detector can be measured eg. by connecting the detector as a 
part of such an oscillating circuit which is driven by an 
oscillator, and monitoring the change of the frequency, 
amplitude or phase of this circuit. At present, the method, 
where the capacitance of the detector is tuned into a resonan- 
ce with an inductor or a resonator component, and the change 
in the impedance is measured with a phase sensitive amplifier 
is considered as the most accurate. In order to widen the 
dynamics it may be advantageous to use a tuned bridge connec- 
tion. The resolution can be further optimized by adapting the 
optimum of the noise impedance of the preamplifier to equal 
with the tuned oscillating circuit output impedance. 

Alternatively, analogous to the previous method, the radiation 
detector can be connected to form a part of an oscillator 
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circuit, in which case the radiation induced change in the 
capacitance of the detector can be monitored by measuring the 
change of the frequency, amplitude or phase of this oscillator 
circuit . 

According to a preferable readout technique, which can be 
implemented in accordance with the invention, the change on 
the capacitance of the detector 8 is measured so that the 
detector structure 8 is connected in parallel with an inductor 
9 or a resonator component 11 such as a piezoelectric crystal, 
dielectric resonator, etc. The inductance and capacitance of 
these is known. The change in the frequency, amplitude or 
phase of this oscillating circuit can be measured with diffe- 
rent connections, where the system 10 under the measurement is 
connected in parallel or in bridge with a reference circuit 
20, consisting of a reference capacitor 18 and a reference 
inductor or a resonator component 19 . The radiation may then 
be defined by means of a control circuit 22, which may contain 
eg. a microprocessor. One readout electronics and a method, 
which can be used as a readout circuitry for radiation deter- 
mination circuitry in accordance • to the invention, has been 
presented more in detail in the article: H. Seppa, VTT Automa- 
tion Technology Review 1995, "Resolution of the capacitive 
sensor", which is incorporated herein by reference. 

Figure 6 presents a schematic overview of a realization of a 
compact radiation determination arrangement in accordance to 
the invention. In this the radiation detector 8 is installed 
on an insulating substrate 32, such as ceramics, glass etc. 
The substrate is patterned with a thin film technique, a thick 
film technique or other suitable technique, in order to 
provide the required electrical leads 17 for the electrical 
connections for the components and if necessary, the inductive 
component 9 in a close vicinity of the detector 8 on the same 
side of the substrate 32 as the detector is. 

On the other side of the substrate plate 32 there is a metal 
plate or foil 34, or a corresponding electrically conductive 
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component. On the other side of said "metal plate 34 there is 
another ceramic etc. insulating substrate plate 33. The 
reference circuit 20 of the oscillating circuit 10 is mounted 
onto the other side of this other substrate 33 in a similar 
manner to the circuit 10 . The metal or other conductive plate 
34 acts as an electrical shield between the detector circuit 
10 and the reference circuit 20. The metal plate 34 or corres- 
ponding component acts also as a radiation shield so that the 
detector component 8 is exposed to radiation but the compo- 
nents on side of the reference circuit are not exposed to the 
radiation. 

The system constructed in accordance with figure 6 is essen- 
tially compact. The length of the required leads and wiring 
can be minimized. Furthermore, it enables the thermal control 
in a environment, which is as similar as possible for both of 
the oscillating circuit 10 and the reference circuit 20. It is 
possible to implement cooling or other thermal controlling of 
the system by using the metal plate in the middle of the 
structure. This assures that the operation of both of the 
circuits is not affected by thermal effects, and thus the 
circuits are thermally stabilized. The system described here 
can be packaged into a standard type of a package, such as a 
TO-cans, etc., used in electronics industry. 

It will be understood that the invention can be altered and 
modified from the description of the presented examples, and 
that the spirit and scope of the invention is defined by the 
appended claims, and is thus not intented to be limited by the 
previous examples. 
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Claims 

1. A method for a determination of radiation, charac- 
terized in that it comprises connecting a radiation 
detector as a part of a radiation sensitive oscillating 
circuit for determining a change in the capacitance of the 
radiation detector induced by the radiation. 

2. A method according to claim 1, characterized 
in that it comprises measuring of the change of frequency, 
amplitude or phase of said oscillating circuit. 

3 . A method according to claim l or 2 , characteri- 
ze d in that the radiation detector is provided from a 
semiconductor material . 

4. A method according to any of claims 1 - 3, charac- 
terized in that it includes a step of determining the 
radiation by means of a reference oscillating circuit which is 
connected in parallel or in bridge with said radiation sensi- 
tive circuit and not exposed to the radiation. 

5. A method according to any of claims 1 - 4, charac- 
terized in that it comprises steps for tuning the 
capacitance to be measured by an inductance and measuring the 
impedance change of the oscillating circuit. 

6. A method according to any of claims 1-4, charac- 
terized in that it comprises steps for connecting the 
capacitance to measured as a part of a radiation sensitive 
oscillator circuit, and detecting the change of the frequency, 
amplitude or phase from this circuit. 

7. An apparatus for determining radiation, characte- 
rize d by comprising 

a radiation sensitive oscillating circuit (10) , which 
includes a radiation detector component (8) and a resonating 
component (11) or an inductive component (9) , 
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wherein the oscillating circuit (10) is arranged to detect 
the change of the capacitance of the radiation detector 
component (8) induced by radiation (1) . 

8. An apparatus according to claim 7, characteri- 
ze d in that it further comprises means for measuring the 
frequency, amplitude or phase of the resonation of the oscil- 
lating circuit (10) . 

9. An apparatus according to claims 7 or 8, characte- 
rize d in that the radiation detector component (8) compri- 
ses semiconductor material . 

10. An apparatus according to claim 9, characteri- 
ze d in that the semiconductor radiation detector component 
(8) comprises a substrate (6) and pn- junctions (4,5) provided 
thereon, a power supply and a resetting circuit (16) . 

11. An apparatus according to claim 9, characteri- 
ze d in that the semiconductor radiation detector component 
(8) comprises a passivation layer" (3) provided on the surface 
of the semiconductor substrate and metal contacts (7) provided 
on the surface of the passivation layer (3) , which are arran- 
ged to influence the electric field inside the semiconductor 
substrate by means of voltage applied to the contacts. 

12. An apparatus according to any of claims 7-11, cha- 
racterized in that the resonator component (11) 
comprises a piezoelectric crystal or a dielectric resonator or 
some other type of a resonator component used in radio frequ- 
ency or microwave electronics. 

13. An arrangement for determination of radiation, c h a - 
racterizedby comprising 

a radiation sensitive oscillating circuit (10) , which 
includes a radiation detector component (8) and a resonator 
component (11) or an inductor component (9), said circuit (10) 
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being arranged to detect changes in the capacitance of the 
radiation detector component (8) induced by radiation (1), and 
a reference circuit (20) connected in parallel or in 
bridge with the 'radiation sensitive circuit (10) , said refe- 
rence circuit including a reference capacitance (18) and a 
resonator (11) or an inductor (9) component in a corresponding 
manner to the radiation sensitive oscillating circuit (10) . 

14. An arrangement according to claim 13, characte- 
rize d by further comprising 

a substrate (32) , onto which said oscillating circuit (10) 
is provided, 

another substrate (33) , onto which said reference circuit 
(20) is provided, and 

an electrically conductive isolation plate (34) , which is 
placed between said substrata (32) and another substrate (33), 

the arrangement being such that radiation sensitive 
oscillating circuit (10) and the reference circuit (20) are 
provided on the opposite surfaces of the assembly. 

15. A system according to claims «13 and 14, characte- 
rize d by further comprising means (22) for determining the 
radiation from differences between the frequency, amplitude or 
phase of said radiation sensitive circuit (10) and said 
reference circuit (20) . 
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